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SPECIFICATION 

PHOSPHATE -BINDING POLYMER AND TABLETS USING THE SAME 

TECHNICAL FIELD 

This invention relates to a phosphate-binding polymer 

*U tablets containing it, as well as a process for 

producing the tablets. 

BACKGROUND ART 

Phosphate-binding polymers are non-absorptive polymers 

having a phosphate adsorbing capability and they are 
useful as remedies for hyperphosphatemia induced by renal 
hypof unction such as chronic renal failure. As described 
in, for example, U.S. Patent No. 5496545 (Japanese Domestic 
Announcement Hei 9-504782), phosphate -binding polymers are 
publicly known as polycationic polymer compounds comprising 
primary and secondary amines which are prepared by 
crosslinking polyallylamine with a crosslinking agent such 
as epichlorohydrin . 

According typically to the USP. supra, 
phosphate-binding polymer preparations as remedies for 
hyperphosphatemia can be formulated into tablets using 
various additives including crystalline cellulose. 
However, said USP presents no specific example of tablet 
formulations. Although the present inventors attempted to 
produce tablets by blending various additives with the 
> phosphate-binding polymers obtained by the method described 
in the USP, no tablets could successfully be produced. 

Moreover, known adsorbents for oral administration, as 
exemplified by a calcium polystyrene sulfonate preparation 



1 



10 



(Kalimate™ manufactured by Nikken Chemicals Co.. Ltd.), a 

TM 

sodium polystyrene sulfonate preparation (Kayexalate 
manufactured by Torii .Co.. Ltd.). an adsorptive charcoal 
preparation (Kremezin» manufactured by Kureha Chemical 
industry Co.. Ltd), a cholestyramine preparation 
(Questran™ manufactured by Bristol-Myers Squibb Co.) and 
a precipitated calcium carbonate preparation (manufactured 
b y Emisu Yattahin K.K.). are all in dosage forms of bulk 
powders, powder preparation or capsules containing powders. 
Namely, there have been reported no examples of oral 
adsorbents in the form of tablets. 
DISCLOSURE OF THE INVENTION 

T ne phosphate-binding polymer of the present invention 

is preferably represented by the formula 
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(where the molar ratio of (a + b) to c is from 45:1 to 2=1 
and m is an integer] and has a true specific gravity of 
1.18 - 1.24. 

The tablets of the invention comprise the particles 
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unlo..- the particle have an average particl 
cellulose, tn occupied by 

no more than 400 p.. with at least ^ x 

articles no larger than 500 urn. have a water 

obtained by grinding a phosphate-binding 

" l4% ^ ^ a t u s/e^ic gravity o, ,»-..»■ 
poller havin a t u ^ ^ 

preferably 1.20 - 1-22. m 

Ipersibiiity. as well as high phosphate-binding 

capability. to a prooess for 

The present invention also 

^ tablets by compressing the above-def ined 
producing such tablets y t . blet s 

■ , , of phosphate-binding polymer into tablets. 

When adminisieieu 

to thereby the se rum phosphorus 

thus controlling 
20 digestive tracts, tn a 

, .! These phosphate-binding polymers are 

level. These p ! to 2 g. Because 

r elatively large single dose. i.e.. 

th water and thus swelling rapidly, the 
of reacting with water ^ ^ 

phosphate-binding polymers can be 
25 ^ is more, tablets prepared by °™^Z**— 
conventional phosphate-binding polymers without 
h ave only insufficient tablet hardness, so 
essential to incorporate substantial amounts 




cellulose and/or low substituted hydroxypropyl «-"-~_ 

* *P a ±ientD with - a x-a^ys^-^ y 
V^e phosphate-binding pollers d remedies for 

„«„n required to take in limited 
hyperphosphatemia are often retfuir 

it is theriore required to develop 
amounts of water. It JF 

phosphate-binding polymer prorations on dosage 
can b e taken with small amoujts of water. One of 

, « tablets which can be reduced in 
promising dosage forms is tablets w 

J * cahlets are preferred since 
slze by compression and coaded tablets ar 

«. L the mouth and can be ingested 
0 they will not disintegrate in the mouth 

smoothly. However, when pressed into tablets by 
oompressing. a phosphate-b nding Polymer alone giv * 
poor table t hardness and f . cannot be processed as 
ln to a tablet preparation Further, due to the high 
L5 hygroscopicity and swelling properties of the phosphate- 

ii- is also impossible to produce a 
binding polymer, xt is also i v 

phosphate-binding pol jJc preparation by a process 
phospnar i er solutlon 

comprising wet ^ anul 4° n "^1^ 

i^wrrs — SfcT"and subsequent dry^ngr- 
contrii nxng— a^=e«"o ' , 

In order to overcome these problems, it has been 
quired to develop a production process which comprises 
biding a powdery phosphate-binding polymer with powdery 
additives having excellent molding characteristics and 
compressing the obtained mixture. Such a 
25 should be designed by taking into consideration changes 
the disintegration properties and dlspersibility 

■„„ Since a phosphate-binding 
accompanying the compression. Since 

■ , „e taken in a relatively large single dose, 
polymer is to be taken m 



sp ecial re 9 ard should - P aid to g ive . preparation with . 
high content of the active component. 

T he present inventors attempted to produce phosphate- 
binding pol^r preparations in the form of tablets by 
binding y 5496545. but 

a^itives described in u^r 
using the various additives ^ 

tney could not produce any favorable tablets 

.nffirient hardness, a 
phosphate-binding polymer having a sufficient 

P i h1 iitv and an ability to bind 

rapid disintegrative dispersibility 

to phosphate. inve ntors have 

Under these circumstances, the presen 

^o-r 1-0 solve the above- 
conducted intensive studies in order _ 

mentioned problems. >s a result, they have — 
£ ou„d that by using a phosphate-binding polymer having 
certain properties on its own. phosphate-binding polymer 
cer t . ftMhe phosphate-binding 

hctartiallY consisting of the pnot»y 
s tablets substantially ^ 

P olymer in the absence of additives could be obtained 
that had adequate hardness and which exhibited rapid 

■ ^■-m-v as well as high 
disintegrability and dispersibility. as we 

■ acid to neutral region, 

phosphate-binding capability xn an acid to 

«.■„„ has been accomplished on the basis of 
20 The present invention has been 

this finding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig l is a graph showing the disintegration 
characteristics of the phosphate-binding polymer 
25 preparation of Example 3 in terms of the ^t-sh- 

* strokes by a disintegration tester 
between the number of strokes t>y 

and the tablet hardness); and 

Fig . 2 is a graph showing the phosphate-binding 



profile of the phosphate-binding poller preparation of 
Example 4 . 

MODE FOR CARRYING OUT THE INVENTION 

The present inventors found that excellent 
characteristics were exhibited by tablets that contained 
th e particles of a phosphate-binding polymer either alone 
or in combination with crystalline cellulose and/or low 
sub stituted hydroxypropyl cellulose as 
provided that the phosphate-binding poller part.cl 
true specific gravity of 1.18 - 1.2*. preferably 1.20 - 

t . rlp size of no more than 400 |jm. 
1 22 an average particle size ox 

prefers no .ore than 250 „. with at least ,0, being 
occupied by Particles no larger than SCO P« , erab y no 

, sta ed values of true specific g ravit y were measured wrth a 
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T he phosphate-binding polymer to be used in the 
mention may be prepared on the basis of the process 
ascribed in USP 5496545. supra. In that process, a 
specified polymer is crosslink with a specified 
JLslinKer in the presence of solvent water. Accords to 
h present invention, the phosphate-binding polymer havrng 
a true specific gravity in the stated range can be produced 
by replacing water with a mixed solvent system consisting 
0 water and acetcnitrlle in a volume ratio which usual 
ranges from 10,0 to ,0,0. preferably from 

T he thus obtained phosphate-binding polymer rs drred 



10 



and ground into particles having an average particle size 
of no more than 400 |im, preferably no more than 250 \m. 
with at least 90% being occupied by particles no larger 
than 500 Mm, preferably no larger than 300 m . The 
particles are then adjusted to 1 - 14% in water content. 
Among the phosphate -binding polymers thus prepared, a 
crosslink polymer obtained by treating polyallylamine 
with epichlorohydrin is particularly suitable for use in 
the present invention. This polymer is represented by the 
formula 




[where the molar ratio of (a + b) to c is from 45:1 to 2:1, 
preferably from 20:1 to 4:1, more preferably from about 
10:1 to 8:1, the most preferably about 9:1, and m is an 
integer] . 

Since the phosphate-binding polymer of the invention 
s a crosslinked polymer/fin the above formula is a large 
integer that represent/the network structure of the 
crosslinked and expended polymer and can theoretically be 
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as great as 1 x 10'. Since thi^^mer is crosslinked in 
a network, each of the^afticles into which it has been 
ground is in effe^Tsingle molecule; therefore, the 
m olecular^t of the polymer is equivalent to the weight 
iSl po lymer p Hfticxe. 
If the true specific gravity of the phosphate -binding 
polymer is greater than 1.24. tablets compressed from this 
polymer alone do not have adequate hardness. Phosphate- 
binding polymers whose true specific gravity is less than 
1.18 are not suited to handling in industrial applications. 
Particles having a greater average particle size than 400 
m are not preferred since they do not have the necessary 
sufficient hardness to be compressed into tablets. If the 
water content of the phosphate-binding polymer is less than 
1%, it again fails to have the necessary sufficient 
hardness to permit compression into tablets and if any 
tablets are formed, their surfaces are liable to abrasion. 
If the water content of the phosphate-binding polymer 
exceeds 14%, it has sufficient hardness to permit 
compressing into tablets but, on the other hand, the 
resulting tablets undergo plastic deformation to become no 
longer suitable as pharmaceutical preparations . In order 
that the tablets can be taken more smoothly, they must have 
a hardness that gives a reading of at least 6 KP on a 
tablet hardness meter and a surface strength that gives a 
weight loss of no more than 1% in a friability test (100 
revolutions). What is more, the tablets should not undergo 
plastic deformation. To meet these requirements, the 
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phosphate-binding poller -oust have a water content in the 
range of 1-14%. The expression »a water content of 1 - 

hours, the polymer weight is reduced by 1-14*. The 

. nht -, ot;s of the phosphate-binding 
preferred drying weight loss or rn y 

polymer ranges from 2 to 14%. If the phosphate-binding 
polymer per se absorbs moisture in the course of grinding 
to give a water content of 1-14%. there is no particular 
need to adjust the water content of the polymer and it may 
be directly used to prepare the tablets of the present 
invention. 

The phosphate-binding polymer may be ground with any 

particles no larger than 500 urn and produce an average 

particle size of no more than 400 nm. 

The water content of the phosphate-binding polymer 
can be adjusted either with a moisture-adjusting agent 
S ucb as a saturated a q ueous solution of sodium chloride 
(2 5°C. RH 75.3%). a saturated aqueous solution of calcium 

civ RH 84 3%) or a saturated aqueous solution 
0 chloride (25 C, RH 

of m a 9 nesium nitrate <25°C. RH 52.8%) or by letting the 
polymer absorb moisture in the air atmosphere. The 
phosphate-binding polymer of the desired water content can 
also be prepared by performing the drying step in its 

. a as to give a water content 

production process in such a way as to gx 



25 

of 1 - 14% 



The crystalline cellulose to be used in the invention 
is not limited in any particular way and use may be made of 
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drying at 105°C for 3 hours. Preferably, commercial 
pr oducts suc h as Avicel" PH101. PH102 , PH301. PH302 and 
ceolus™ KG-801 (all manufactured by Asahi Chemical 

- r„ Ltd ) may be used either alone or in 
Industry Co.. LtQ. I '"<»J 

admixture . 

Th e low substituted hydroxypropyl cellulose that can 
b e used in the invention is such that it has 5.0 - 1..0 wt* 
substitution by hydroxypropoxyl groups (-oc,H 6 OH). 
Preferred examples of such low substituted hydroxypropyl 
cell ulose are commercial products such as L H-11. 
LH -31 (manufactured by Shin-Etsu Chemical Co.. «<..) that 
may be used either alone or in admixture. 

Th e amounts of the crystalline cellulose and/or low 
, substituted hydroxypropyl cellulose that are optionally 
ad ded to the phosphate-binding polymer in the present 
mention may be set at any values in consideration of 
ao se of the phosphate-binding polymer to be taxen as an 
oral preparation and the ease with which it can be taKen. 
0 m a preferred embodiment, for example, the crystalline 

cellulose or the low substituted hydroxypropyl cellulose rs 
us ed in an amount of at least 10 w« . more preferably at 
least 30 hased on the weight of the phosphate-brndrn 

polymer having an average particle size of no more than ,5 
25 „m at least ,0* being occupied by particles no larger 
300 and a water content of 1 - !«• Xf -th of the 

the low substituted hydroxypropyl 
crystalline cellulose and the low 

**** it is preferable that the sum of the 
cellulose are added, xt xs preie 
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stents of these oo.pone.ts is 10 w« or .ore. preferahly 
30 „« or .ore. Pro. the viewpoint of the aa.inistrat.on 
pE operties. etc. of t h e preparation, the upper 
the content of the crystalline ceiiuiose ana,or tne low 
suhstitutea hyaroxypropyl ceiiuiose is in the range of 
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sin ce the phosphate-hinaing poller, tne crystalline 
cellulose ana tne low suhstitutea W*-^"^ 
prod uce great frictionai forces, it is r~— 
haraenea oii he usea in a continuous tahleting process- 
or to reauce tne loaa on tne tasting .achlne aue t 
th e 3 arring action of puncnes. * useful haraenea oil 
co^ercial proauct sucn as Luhriwa*™ .anuf acturea hy 

Freund Industrial Co., Ltd. 

TO proauce tne phosphate-hinaing poller tahlets of 

■ f,„„ the crystalline cellulose and/or low 
the present invention, the cry 

sub stitutea hyaroxypropyl cellulose. together with 

g lactose, sucrose or .annitol, . a lubricant (e.g. 
ma gneslu. stearate or polyethylene glycol, ana other 
a aaitives conventionally e.ployea in the art. perfu.es. 

phosphate-hinaing poller ana the resulting hlena is 

compressed into tablets. 

Th e phosphate-binding poller tablets of - invents 
5 ma y be further processed into film-coated tablets by 

• a film m the film coating 
coating their surfaces with a film. 

* rcF water-soluble film bases such 
process, use may be made of water so 

as hydroxypropyl methylcellulose and acrylic acid 
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copolymers. Use of hydroxypropyl methylcellulose is 
particularly preferred. 

The following preparations and examples are provided 
for further illustrating the present invention but are in 
no way to be taken as limiting. 
[Preparation 1] ' 

Polyallylamine was subjected to crosslinking 
polymerization, in a water/acetonltrile (ca. 50:50 w/w) 
mixed solvent with ep ichlorohydr in being added as a 
crosslinker, thereby producing a polycationic phosphate- 
binding polymer in which about 40% of the primary amine 
(81.2 mol%) and secondary amine (18.8 mol%) formed 
hydrochlorides. The polymer was then vacuum-dried to give 
a dry powder, which was ground with an impact mill into 
particles of water-containing phosphate -binding polymers 
(true specific gravity. 1.209 - 1.211; water content. 2.1 - 
2.5%; under 300 \m size = 99.0 - 99. '6%). 

[Preparation 2] 

Polyallylamine was subjected to crosslinking 
polymerization in water with epichlorohydrin being added as 
a crosslinker, thereby producing a polycationic phosphate- 
binding polymer in which about 40% of the primary amine 
(81.2 mol%) and secondary amine (18.8 mol%) formed 
hydrochlorides . The polymer was then dried with air to 
give a dry powder, which was ground with an impact mill 
into particles of a water-containing phosphate-binding 
polymer (true specific gravity. 1.253; water content. 3.6 - 
3.8%; under 300 Mm size = 99.3 - 99.7%). 

- 12 - 
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[Example 1] 

The particles of the water-containing phosphate- 
binding pollers obtained in Preparation 1 (to give true 
specific gravities of 1.209-1.211) and those of the 
polymer obtained in Preparation 2 (to give a true specific 
gravity of 1.253) were compressed under various static 
pressures of 500 - 1750 kg into tablets of 10 mm* each 
weighing 300 m g. These tablets were measured for hardness 

^ fPhar-matest) . The results are shown 
with a hardness meter (Pharmatest ; 

in Table 1. 



Table 1 

True specific gravity 
Water content 
Under 300 \m size 
Compressing 



pressure; 



500 kg 
750 kg 
1000 kg 
1250 kg 
1500 kg 
1750 kg 



Pr epar at ion 1 



1.209 
2.5% 
99.0% 

2.1 KP 
5.1 KP 

10.8 KP 
13.1 KP 
19.5 KP 

23.9 KP 



1.211 
2.1% 
99.6% 

4.7 KP 
9.2 KP 
11.6 KP 
19.0 KP 
20.0 KP 
24.3 KP 



1.211 
2.1% 
99. 3% 



2.0 KP 
4.0 KP 
8.5 KP 
11.2 KP 
13.8 KP 
15.5 KP 



Preparation 2 



1.253 
3.6% 
99. 7% 



0.5 KP 
0.8 KP 
1.3 KP 
2.2 KP 
2.6 KP 
3.6 KP 



1.253 
3.8% 
99. 3% 



0.8 KP 
1.5 KP 
2.5 KP 

3.5 KP 

4.6 KP 
5.6 KP 
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As one can see from Table 1, none of the tablets 
compressed solely from the phosphate-binding polymer with a 
true specific gravity of 1.253 had adequate hardness (* 6 
KP) irrespective of the compressing pressure applied; on 
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the other hand. 1*. tablets compressed from t h e phosphate- 
binding poiymers with true specific gravities of 1.20. - 
had adequate hardness when they were caressed at 
pressures of 1000 kg and more. 

[Example 2] „-t B r- 
^o hundred Milligrams of the particles of the water 

eontaining phosphate-hinding polymer with a true specific 

gra vity of 1.209 which was ohtained in Preparation 1 were 

mlxe d with 100 mg of an additive crystalline cellulose 

(R vicel™ PH101 of Asahi Chemical Industry Co.. Ltd.) an 

the biend was compressed under static pressures of 500 Kg. 

750 Kg and 1000 Kg into tahlets of 10 * each weighing 

300 mg. 

These tahlets were measured for hardness wrth 
bardness meter. The tahlets compressed at a pressure of 

, „ touted with a disintegration tester 
750 Kg were also tested wr The results 

(Toyama sangyo) using water as a test fluid. 
of both tests are shown in Table 2. 



Table 2 



Tablet hardness 



20 seconds 




Disintegration 
time 



20 



Compressing 
pressure: 500 kg 

750 kg 
1000 kg 

R s one can see from Tabie 2. the tahlets compressed 
(r om the hiend of the phosphate-hinding polymer and 
orys talline cellulose at pressures of 750 Kg and more had 

u - 



* «t least 6 KP and exhibited rapid 
hardness values of at least 

disintegrability . 

■-tv.:, . - «- — - - — 

phospha.e-^ins po^er with * true specif gr avit y - 

■ ofl i„ Preparation 1. 349.5 g of 
1 209 that was obtaxned xn Prepar 

, . 5 6 g of a hardened oil (Lubrxwax 
crystalline cellulose, 5.6 g 

^ of Fre und) and 2.2 . of a lubricant magnesxum stear- 
ic Kasei) were added and the ingredients were mxxe 
lather. - resulting blend was set on a single-actxon 

„ -. m m of Okada Seiko) and 
tableting machine (Model N-30 of 

„ * 1750 kg into tablets of 10.5 nun* each 
compressed at 1750 kg xn 

This yielded uncoated tablets each 
weighing 375 mg. Thxs yxexa 

. t- 250 mg of the dry phosphate -bxndxng 
containing about 250 mg or 

5 polYm i se — f - ~ s wit ;; 0 , kp 

haraneSS meter CContester). which rea* a - » ' 
They showe* a 4 i S inte g ratio„ time <* 67 second <test 

20 f "l^ - — « - - the ^ r 
of h yd ro* y prop yl meth.lceiiuiose 291 0 (HPMC 

glyool 6 ooo — c °- Ltd - , ': 8 ; 9 t ; and 

«r talc The coating machine was Dona Coater 
0.69 mg of talc. 

Model DRC-500 of Powrec Corporation. 

inlets were tested with a 
The film-coated tablets 
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1 X 

at ! . 30 strops per minute using 
...integration tester ^ ^ japan 

two test — ^ J ; ^ test results are shown in 
Pharmacopoeia and water). 

Fig- I- the phoS phate-binding 

„„ n cpe from rig. A » 
As one can see disin tegrabilitY in an 

oration showed rapid dismteg 
^ -on without being affected • - 

Xengthof agitation < number of — 

the coated tablets prepare, in Kxample 3 each 
° 2 rig of the phosphate-binding polymer were 

containing 250 - evaluatlon of drug 

subjected to the following N , N .bis(2- 

. 7 a of sodium chloride. 21.3 g 
efficacy: 4.7 g or of 

, hvl ,-2-aminoethanesulfoniC add and 
hydroxyethyl) 2 am ".solved in water; 

» -ssium dihydrogenph ^ ^ was warmed to 3.C : 
af ter PH adjustment to . ^ ^ 

2 00 ml of the thus prepared ^ 
th e paddies rotating at 100 rpm to me^s ^ 

binding capability of the ^ ^ dispersed to 

- * the phosphate-binding poiym 
20 disintegrated, the P resldu al concentration of 

adsorb the phosphate, causing The 

• fv,= test solution to vary » 
th e Phosphate xn the ^ ^ taken as , 

initial phosphate level xn adso rption as 

the completion of phospna 
an d the v-e ^ - ^ surement _ ^ in Fig . , 

exhibited rapid phosphate binding capability 
INDUSTRIAL APPLICABILITY 
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p h ospnate- bi n,Un g poXy-er <* tne P-sent invention 

can be to^* as - wheth :: e ":; 

used axons or c-*- witn a^ves. «- -e 

h e -e sat.™ n~. oonta.n tne act- 

Z~~* * ■ - hlgh phosphat e " bln z 

oa ability an, ^ *» » 

t „ neut ral re 9i on w bil e navin, Ut«* sensitive to 
s tren g tn o t station. — «- * ~ 

lnventi on are eKceX.ent pnar.aceutica! 

unaergG reduce* variations in - — * 

mo ve m ents witnin t b e festive tracts an* pH cnan.es. 
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